Background: Nerve growth factor (NGF) is a neurotrophic factor which regulates cell development and proliferation. Recently, it has been suggested that NGF induces heme oxygenase-1 (HO1) expression, and that both NGF and HO1 are involved in the progression of malignant human tumors. However, exact roles of NGF and HO1 in tumorigenesis remain controversial. Therefore, we investigated the expression and correlation of NGF and HO1 in human gastric carcinoma tissues. Methods: We examined immunohistochemical expression of NGF and HO1 in 167 gastric carcinomas and compared with various prognostic clinicopathological factors. Results: The expression of NGF and HO1 was positive in 40% (67/167) and 51% (85/167) of cases, respectively, and their expression was significantly correlated with each other (p < 0.001). Individual expression patterns of NGF and HO1, and co-expression pattern of these two molecules were significantly associated with shorter survival by univariate analysis. HO1 expression (overall survival; p < 0.001, relapse-free survival; p = 0.002) and co-expression pattern of NGF and HO1 (overall survival; p = 0.002, relapse-free survival; p = 0.003) were independent poor prognostic indicators of gastric carcinoma patients by multivariate analysis.
Background
Nerve growth factor (NGF) is a member of neurotrophin family, and the effects of NGF are mediated by its binding to two types of NGF receptors (NGFR): high affinity tropomyosin receptor kinase A (TrkA) and low affinity p75 neurotrophin receptor (p75 NTR ) [1, 2] . However, in addition to the role of NGF in modulating proliferation, differentiation, and maturation of neuronal cells, NGF is a molecule of significant interest because of its involvement in the progression of various non-neuronal malignant tumors [1] [2] [3] . Binding of NGF to TrkA promotes cell survival, proliferation, and differentiation via phosphatidylinositol 3-kinase (PI3K)/AKT and Ras/MAPK signaling pathways [1] . In contrast, binding of NGF or precursor of NGF (proNGF) to p75 NTR could induce cell survival or could be pro-apoptotic [1] ; therefore, as a consequence, there are conflicting reports for the role of NGF-related signaling in human malignant tumors. An oncogenic role of NGF has been supported by reports that NGF and NGFR participate in the progression of various human cancers, such as breast cancer [4, 5] , ovarian cancer [6] , pancreatic cancer [7] , oral carcinoma [8, 9] , and salivary gland cancer [10] . In addition, the expression patterns of NGF or TrkA were associated with poor prognosis of tongue cancer [9] , pancreatic cancer [7] , and breast cancer [5, 11] . However, a tumorsuppressive role of p75 NTR has been reported in pancreatic cancer [7] and colorectal cancer [12] .
Heme oxygenase-1 (HO1) is a rate-limiting enzyme degrading heme into carbon monoxide, free iron, and bilirubin [13] . Because of the responsiveness of HO1 to variable stressors such as hyperthermia, hypoxia, heavy metals, irradiation, inflammatory cytokines, and oxidative stress, HO1 demonstrates anti-inflammatory, antiapoptotic, and immunomodulatory effects [14, 15] . However, despite the protective role of HO1, it has been reported that HO1 could have a role in tumorigenesis. The expression of HO1 has been demonstrated to be anti-apoptotic [16, 17] , pro-angiogenetic [18] and associated with increased invasiveness of cancer cells [19] and chemoresistance [20] . However, there are also controversial reports that found that HO1 inhibited the proliferation and metastatic capacity of the hepatocellular carcinoma [21] and that inhibition of HO1 enhanced the chemosensitivity for cisplatin in squamous cell carcinoma cells [22] . Therefore, the role of HO1 in cancer progression remains controversial.
Gastric cancer is one of the major causes of cancer death and is particularly common in low-and middleincome regions [23] . However, despite extensive studies on the impact of NGF and HO1 in major human cancers, the studies on NGF and HO1 in gastric carcinoma are limited. Moreover, their roles in human cancers have been controversial. Although, it has been reported that NGF expression is associated with poor prognosis of gastric carcinomas [24] , other reports found that the expression of NGF gene is higher in normal gastric tissue than in gastric cancer tissue [25, 26] . Regarding HO1 in gastric carcinoma, HO1 was shown to be anti-apoptotic in gastric cancer cells [16] and microsatellite polymorphism with higher promoter activity of HO1 was associated with higher risk of gastric cancer in Japanese woman [27] . In addition, because there is a close relation between NGF and HO1 in malignant tumors [5, 28, 29] , this study investigated the expression and correlation of NGF and HO1 in human gastric carcinoma tissues. Thereafter, we evaluated the expression of NGF and HO1 as a prognostic indicator for gastric carcinoma patients.
Methods

Gastric carcinoma patients and tissue samples
One hundred and sixty-seven cases of 177 cases of gastric carcinoma that we used in our previous study were the subject of this study [30] . The patients underwent operation between 1997 and 2005 at Chonbuk National University Hospital. However, among the 177 cases of gastric cancer, ten tissue microarray (TMA) cores were exhausted by our previous study. Therefore, 167 cases of gastric carcinoma were ultimately included in this study. Thereafter, we re-staged the 167 cases of gastric carcinoma according to the guidelines of the 8th edition of the of American Joint Committee on Cancer staging system [31] and reviewed them according to the WHO classification [32] . Clinical information for the patients was obtained by reviewing medical records. Pathologic variables were defined by reviewing pathologic reports and original histologic slides. In addition, 20 cases of noncancerous gastric mucosa obtained from the patients who were not related with gastric carcinoma were used for the evaluation of NGF and HO1 expression. This study received approval from the institutional review board of Chonbuk National University Hospital (IRB number, CUH 2013-04-011-001) on May 15, 2013 , and the requirement for informed consent was waived.
Gastric cancer cells and western blot
To validate antibodies for NGF and HO1 used in immunohistochemical staining, we performed western blotting analysis. Four human gastric cancer cell lines (MKN28, MKN45, KATO-III, and NCI-N87) were purchased from the Korean Cell line Bank (KCLB, Seoul, Korea) and cultured in RPMI1640 media. The cells were lysed with PRO-PREP Protein Extraction Solution (iNtRON Biotechnology Inc., Seongnam, Korea). Western blot was performed with primary antibodies for the NGF (Abcam, Cambridge, UK), HO1 (Enzo Life Sciences, Farmingdale, USA), and actin (Sigma, St. Louis, USA).
Immunohistochemical staining and scoring for tissue microarrays
Immunohistochemical staining was performed on TMA tissue sections. The size of TMA core was 3.0 mm and contained one core per case because of the limited tumor thickness, especially in stage I gastric carcinomas. Microwave antigen retrieval procedure was performed with pH 6.0 Dako Target Retrieval Solution (DAKO, Glostrup, Denmark) for 20 min. Primary antibodies for NGF (Abcam, Cambridge, UK) and HO1 (Enzo Life Sciences, Farmingdale, USA) at a dilution of 1:200 have been used in immunohistochemical staining. The slides stained for NGF and HO1 were scored under a multiviewing microscope by two pathologists (K.Y.J. and S.J.N.). The scoring performed with consensus of two investigators without clinicopathological information. The immunohistochemical staining slides were scored by the sum of the scale of staining intensity (no staining; 0, weak staining; 1, intermediate staining; 2, and strong staining; 3) and staining area (no staining cell; 0, 1%; 1, 2-10%; 2, 11-33%; 3, 34-66%; 4, and 67-100%; 5) [5, [33] [34] [35] . The score derived from the sum of the intensity scales and staining area scales ranged from zero to eight.
Statistical analysis
Receiver operating characteristic curve analysis was performed to define positivity for the immunohistochemical expression of NGF and HO1. The cut-off points for the NGF-and HO1-positivity were determined at the point with the highest area under the curve to estimate survival of gastric carcinoma patients. The interest for the survival analysis was overall survival (OS) and relapsefree survival (RFS). The date of last follow-up was up to last contact or death of patients through June 2012. The event for the OS analysis was death of patients from gastric carcinoma. Alive patients at last follow-up date were treated as censored for OS analysis. The event for the RFS analysis was relapse or death from gastric carcinoma. Alive patients without relapse at last follow-up date were treated as censored for RFS analysis. Statistical analysis for the univariate and multivariate Cox proportional hazards regression analyses, KaplanMeier survival analysis, and Pearson's chi-square test were performed using SPSS software (IBM, version 20.0, CA, USA). The p-values less than 0.05 were considered statistically significant.
Results
The expression of NGF and HO1 in human gastric carcinoma and its correlation with clinicopathologic factors
To validate anti-NGF and anti-HO1 antibodies, we performed western blot with four human gastric cancer cell lines. As we have shown in Fig. 1a , all gastric cancer cell lines expressed both NGF and HO1 and the expression patterns of NGF and HO1 were highest in MKN45 cells and lowest in NCI-N87 cells. Immunohistochemical expression patterns of NGF and HO1 in noncancerous gastric mucosa and gastric carcinoma shown in Fig. 1b . NGF and HO1 were primarily expressed in the cytoplasm of tumor cells. Even in the cases where NGF or HO1 were expressed in tumor cells, the non-neoplastic stromal cells did not express NGF or HO1 (Fig. 1b) . Immunohistochemical expression scores for NGF (p = 0.003) and HO1 (p < 0.001) were significantly higher in gastric carcinomas (mean ± standard error: NGF; 3.1 ± 0.3, HO1; 4.5 ± 0.2) compared with normal gastric mucosa (mean ± standard error: NGF; 0.9 ± 0.4, HO1; 1.0 ± 0.3) (Fig. 1c) . The cut-off Fig. 1 The expression of NGF and HO1 in human gastric cancer cells and human gastric carcinoma tissue. a Validation of the anti-NGF and anti-HO1 antibodies used in this study. The expressions of NGF and HO1 were seen in western blotting analysis in four gastric cancer cell lines (MKN28, MKN45, KATO-III, and NCI-N8). b Immunohistochemical expression of NGF and HO1 in normal gastric mucosa and gastric carcinoma. Original magnification: low-power images; ×20, high-power images; ×400. c Immunohistochemical staining scores of NGF and HO1 in normal gastric mucosa and gastric carcinoma. *; p < 0.05, **; p < 0.001. d Statistical analysis for the determination of immunohistochemical positivity for NGF (arrow) and HO1 (arrow head). The cut-off points were determined by receiver operating characteristic curve analysis at the highest area under the curve value for the estimation overall survival of gastric carcinoma patients points for the scores for the expression of NGF and HO1 were five for both stains (Fig. 1d ). In addition, to verify the immunohistochemical negativity for NGF and HO1 in TMA sections, we performed additional immunohistochemical staining in full sections of 20 randomly selected cases from NGF-negative or HO1-negative subgroups in TMA analysis. In these cut-off values determined by TMA analysis, all cases immunostained for NGF (immunohistochemical staining score in 20 full sections: range; 0, mean; 0) and HO1 (immunohistochemical staining score in 20 full sections: range; 0-4, mean; 1.6) in full sections were also included in NGF-negative and HO1-negative subgroups. With this cut-off value, the expression of NGF and HO1 was positive in 40% (67 of 167 cases) and 51% (85 of 167 cases) of gastric carcinomas, respectively. There was significant association between NGF expression and older age of patients (p = 0.002), histological classification (p = 0.011), and Lauren classification (p = 0.010). The expression of HO1 was significantly associated with age (p = 0.012) and sex of patients (p < 0.001). In addition, the NGF-positivity was significantly associated with HO1-positivity in gastric carcinomas (p < 0.001) ( Table 1 ).
The expressions of NGF and HO1 were associated with shorter survival of gastric carcinoma patients by univariate analysis Elevated preoperative serum levels of CEA and CA19-9, higher tumor stage, presence of lymph node metastasis and venous invasion, advanced gastric cancer type, higher histologic grade, and NGF-and HO1-positivity were significantly associated with both shorter OS and RFS of gastric carcinoma patients by univariate analysis ( Table 2 ). The patients with tumors positive for NGF expression had a 1.943-fold [95% confidence interval (95% CI): 1.290-2.927, p < 0.001] greater risk of OS. NGF-positivity predicted a 1.932-fold (95% CI: 1.294-2.886, p < 0.001) greater risk of RFS. The expression of HO1 predicted a 2.358-fold (95% CI: 1.532-3.630, p < 0.001) greater risk of OS. HO1-positivity predicted a 2.185-fold (95% CI: 1.438-3.321, p < 0.001) greater risk of RFS of gastric carcinoma patients. The prognostic impact of tumor stage and the expressions of NGF and HO1 were subject to Kaplan-Meier survival analysis as shown in Fig. 2 .
Based on the correlation between NGF and HO1 in previous reports [28, 29] and the significant association between NGF and HO1 expression in our results, we evaluated the prognostic significance of co-expression patterns of NGF and HO1. First, we grouped gastric carcinomas into four-groups according to the expression types of NGF and HO1 (NGF − /HO1 ). Thereafter, we compared the prediction of death of gastric carcinoma patients with the individual or co-expression patterns of NGF and HO1 via receiver operating characteristic curve analysis. Three types of sub-groups of gastric carcinoma patients were grouped according to the largest area under the curve values for NGF and HO1 expression (Fig. 3b) . This type of co-expression pattern of NGF and HO1 was significantly associated with shorter OS (overall p < 0.001) and RFS (overall p < 0.001) by univariate analysis ( (Fig. 4) . The prognostic impact of the NGF/HO1 expression pattern for the estimation of RFS was consistent with the results of analysis for the OS (Table 2 and Fig. 4 ).
The expression of HO1 and co-expression pattern of NGF and HO1 are independent indicators of poor prognosis of gastric carcinoma patients by multivariate analysis
The variables predicting survival of gastric carcinoma patients in univariate OS and RFS analysis were included in the multivariate analysis. Tumor stage, venous invasion, and HO1 expression were independent indicators of poor prognosis of OS and RFS ( (Table 3) .
Discussion
In this study, we demonstrate that substantial cases of gastric carcinomas express NGF and HO1, and their expression patterns are significantly associated with each other. In addition, the expression patterns of NGF and HO1 were higher in gastric carcinomas compared with normal gastric mucosa (Fig. 1c) . Similarly, a search of the Oncomine database (search condition: threshold p value; p < 0.001, threshold gene rank; top 10% gene, data type; mRNA) showed higher expression of HO1 mRNA in gastric carcinomas compared with normal gastric tissue (Fig. 5a ) although the expression of NGF mRNA was controversial [36] . Especially, the expression patterns of NGF and HO1 in gastric carcinomas were significantly associated with shorter OS and RFS. These findings suggest that NGF-HO1 related pathways might have a role in the progression of gastric carcinomas. Similarly, higher expression of NGF mRNA was significantly associated with shorter OS of gastric cancer patients in search of OncoLnc database (Log-rank, p < 0.001) (Fig. 5b) [37] . In line with our results, the expression patterns of NGF and HO1 were associated with advanced clinicopathologic factors of breast carcinomas, and were independent indicators of poor prognosis of breast carcinoma patients [5] . In addition to the expression of NGF, the expression of NGFR was also associated with progressive factors of breast carcinomas, such as HER2 expression, estrogen receptor negativity, and higher histologic grade [38] . Regarding the role of the NGF signaling pathway in tumorigenesis, an association between the expression of The data for the serum levels of CEA and CA19-9 were available in 137 and 137 patients, respectively b Histologic grading was carried in tubular and papillary type carcinomas according to the grading system of the WHO histological classification of gastric tumors NGFR TrkA and p75 NTR has been reported in various types of cancers. NGF is involved in the proliferation of breast cancer cells through the NGFR TrkA-MAPK pathway and it prevents apoptosis by activating the NGFR p75 NTR -NFκB pathway [39] . Overexpression of TrkA promoted growth and metastatic potential of xenografted breast cancer cells by activating the MEK and PI3K pathways and enhancing resistance to anoikis [4] . In pancreatic cancer, mRNA expression of TrkA was associated with an aggressive tumor phenotype with perineural invasion and a higher degree of pain [7] . However, this study found mRNA expression of p75 NTR Fig. 3 Kaplan-Meier survival analysis and statistical analysis according to the individual and co-expression pattern of NGF and HO1 in gastric carcinomas. a Gastric carcinomas were grouped into four sub-groups according to co-expression pattern of NGF and HO1 and subjected to Kaplan-Meier survival analysis for the overall survival and relapse-free survival. NGF to be an indicator of favorable prognosis [7] . When considering NGF-NGFR as a therapeutic target of human malignant tumors, NGF might confer chemoresistance of cancer cells due to the role of NGF in the resistance to oxidative stress and apoptosis [28, 29] . In addition, proNGF produced by cancer cells is involved in the invasiveness of breast cancer cells [40] . Therefore, inhibition of proNGF, NGF, or NGFR has been proposed as therapeutic stratagems for human malignant tumors [40] [41] [42] . Small interfering RNA against NGF or proNGF, anti-NGF antibodies, and inhibitors of NGFR were proapoptotic and anti-proliferative for cancer cells and inhibited tumor growth and invasiveness [40] [41] [42] . Moreover, since there is a possibility that NGF selectively influences the proliferation of breast cancer cells but not normal breast epithelial cells, NGF might be an optimal therapeutic target for particular cancer types [43] ; the effect of NGF on cancer cells differs according to the expression status of TrkA and/or p75 NTR and varies with the use of chemotherapeutic agents [44] . Despite some limitations, these finding suggest that the NGF pathway could be a useful therapeutic target for the treatment of malignant human tumors. Although, the study for the NGF as a therapeutic target of gastric carcinoma is limited, our results suggest that NGF-related pathways are important in the progression of gastric carcinomas by presenting NGF expression as a prognostic marker of gastric carcinoma. Similarly, a recent report has shown that the immunohistochemical expression of NGFR TrkA was associated with advanced clinicopathological factors of gastric carcinomas, such as lymph node metastasis and distant metastasis, and predicted shorter disease-specific survival and RFS [24] . However, there are also reports that seem to contradict these. The mRNA levels of NGF and TrkA were lower in gastric cancer compared with normal gastric mucosa [25] . 
/HO1
− , NGF-negative and HO1-negative. NGF − /HO1 − , NGF-negative and HO1-negative. NGF + /HO1 − , NGF-positive and HO1-negative. NGF − /HO1 + , NGF-negative and HO1-positive. NGF + /HO1 + , NGF-positive and HO1-positive. 5y-OS, overall survival rate at five-years. 10y-OS, overall survival rate at ten-years. 5y-RFS, relapse-free survival rate at five-years. 10y-RFS, relapse-free survival rate at ten-years Therefore, further study is needed to clear the role of NGF in gastric carcinogenesis.
In our study, the expression patterns of NGF and HO1 in gastric cancer tissue were significantly associated with each other. 45 of 67 (67%) cases of NGF-positive gastric carcinomas were positive for HO1 and 60 of 100 NGFnegative cases were also negative for HO1. When we compared the immunohistochemical staining scores between the expression of NGF and HO1, the expression of NGF significantly correlated with the expression of HO1 (Pearson's correlation coefficient; r = 0.329, p < 0.001). This result might be related to the fact that NGF induces expression of HO1. NGF stimulates gene expression of HO1 and causes resistance to oxidative stress through MEK-and a PI3K-dependent mechanisms [28, 29] . The relationship between NGF and HO1 in the resistance to stress might be a mechanism for the progression of malignant human tumors. Supportive of this Variables considered in the Model 2 were the pretreatment serum level of CEA and CA19-9, histologic grade, tumor stage, tumor invasion, lymph node metastasis, venous invasion, and co-expression pattern of NGF and HO1 hypothesis, we found that the expressions of both NGF and HO1 were significantly associated with shorter survival of gastric carcinoma patients. Especially, the individualized HO1 expression and co-expression pattern of NGF and HO1 were independent indicators of poor prognosis of gastric carcinoma. The NGF + /HO1 + subgroup showed the shortest survival and the NGF − /HO1 − subgroup of gastric carcinoma patients had the longest survival time. We published similar results in breast carcinomas. The expression of NGF, HO1, and the combined NGF/HO1 expression patterns were independent indicators of poor prognosis of breast carcinomas [5] . Similarly, the expression of HO1 predicted shorter survival of non-small cell lung cancer patients [19] . These findings suggest that evaluation of individual and coexpression pattern of NGF and HO1 in human cancer tissue might be helpful for prediction of outcome. In addition, higher expression of HO1 was associated with resistance to apoptosis of gastric cancer cells [16] and increased invasiveness of non-small cell lung cancers [19] . HO1 also promotes tumor progression by inducing angiogenesis in pancreatic cancer [45] and urothelial carcinoma [18] . Moreover, therapeutic efficacy of the inhibition of HO1 was presented in pancreatic cancer cells. The mRNA and protein levels of HO1 were higher in pancreatic cancer cells compared with normal pancreatic tissue and suppression of HO1 with siRNA inhibited proliferation and sensitize tumors to chemo-and radiotherapy [46] . However, there are also discrepancies in reports on the role of HO1 in tumorigenesis. In a small study that analyzed 55 colorectal cancer patients, HO1 expression was associated with fewer lymph node metastases and favorable survival of patients [47] . Inhibition of HO1 with siRNA increased the proliferation and invasiveness of androgen-sensitive prostate cancer cells and breast cancer cells [48, 49] . In addition, overexpression of HO1 inhibited proliferation and invasion via downregulation of MMP9 in pancreatic and breast cancer cells [48, 49] . These conflicting results might be related with the varied roles of the NGF-HO1 pathway in the resistance to stress. As we have seen with the expression of DNA damage response molecules, resistance to the stresses could be tumor suppressive or induce resistance to anti-cancer therapy [33, 35, 50] . Defects in BRCA1/2 promote the early development of breast and ovarian carcinomas, but also make cancer cells sensitive to DNA damage-inducing anti-cancer therapy and anti-PARP therapy [50, 51] . When stress-resistant signaling occurs, continued sub-lethal stresses could induce the accumulation of aberrant tumorigenic signaling and eventually cause the development and progression of cancers. It has been also reported that HO1 might be antitumorigenic by protecting healthy normal cells, but also protecting already established cancer [52] . Therefore, additional study is needed to elucidate the role of the NGF-HO1 pathway and its potential as a therapeutic target for human cancers.
Conclusions
In conclusion, this study demonstrated that the expression of NGF and HO1 might be helpful for the estimation of prognosis of gastric carcinoma patients. In addition, this study suggests that regulation of the NGF-HO1 pathway might be a new therapeutic strategy for the treatment of gastric carcinoma patients with significant risk factors. 
